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Trace elements contaminate Fluid Catalvtic Cracking Unit (FCCU) catalvsts bv blockinn DOES and catalvzina steam 
deactivation. Elemental analyses of catalyst solids and l k h a t e s  are necessary to characterize the system. 
Demetallization removes a portion of contaminants by pyrometallurgical and hydrometallurgical procedures. 
Catalysts were leached by various methods and IAW TCLP. Demetallized catalyst TCLP leachates are below the 
UTS TCLP limits proposed September 14, 1994, for all founeen elements. Immediate catalytic activity improvement 
and improved resistance to steam deactivation is shown micro-activity (MAT) tests before and after severe steaming. 

Fluid Catalytic Crackinp, is a valuable refining process to upgrade heavy hydrocarbons to high valued products 
(Avidan. 1993). Through the cycles of cracking, fresh catalyst deactivation is caused by contaminant blockage of 
active sites (nickel, vanadium, iron, et al.) and by steam catalyzed by contaminants, e.g. vanadium, sodium, et al. 
(Pine, 1990; Pavel, 1992). To compensate for decreased FCC feedstock conversion and product selectivity, a portion 
of the circulating catalyst equilibrium inventory is withdrawn for spent catalyst disposal, and fresh catalyst is added 
to the system (Habib. 1979). 

Swnt FCCU catalyst disposal quantities have been published in various formats. and disposition alternatives include 
those "options which recover metals: I )  On-site demetallization and recycle for FCCU catalysis -. on-site source 
reduction l'll; 2) Off-site demetallization and recycle for FCCU catalysis -_ original application recycle""; 3) Off- 
site spent catalyst (ultra-low metals) sale to others '"' for further metals loading, a limited market at equilibrium 
which requires disposal by others and does not affect disposal of total replacement volumes of fresh catalyst sold, 
and the metals deposited from feedstocks. 4) Off-site demetallization for metals recovery prior to secondary use or 
disposal 'I7); 5 )  Other waste treatment technologies prior to disposal, e.g. solidification, stabilization, vitrification, 
cementation, etc. I'''; 6) Cement kilns, with or without pretreatment, either 6a) cement kilns perminednicensed for 
hazardous wastes, or 6b) cement kilns blending wastes as alternative feed stocks"""'; 7) Landfills ~ " ~ ' 2 ~ ' h ~ ' p ' . "  (Pavel, 
1995) 

Trace elements enter the FCCU system from feedstocks. fresh catalysts. feedstock and/or catalvst additives. Analyses 
of petroleum by Filhy, Yen, Shah, et al. (Yen, 1975). showed a wide range of elements in petroleum. The feedstock 
to FCCUs typically includes the gas oil fraction, between diesel and asphalt, and in somecases all of the long residue 

Ni and V fairly often, sometimes seldom analyze for more than Ni, V, and in some cases, Na. Fe. ICP elemental 
analyses for several feedstocks are shown in Table I .  Elemental analyses of spent Fluid Catalytic Cracking (FCC) 
catalyst solids and leachates are necessary to characterize the total FCC catalyst system including yield impacts and 
environmental considerations. 

Catalvst and leachate analyses: Elemental analyses of solids and leachates were performed using ICP and XRF, 
analyses of leachates were performed by ICP. Table 2 shows a representative catalyst test set which includes a fresh, 
spent, and demetallized spent catalyst. Toxicity Characteristic Leaching Procedures (TCLPs) were performed in 
accordance with EPA standard methods, and results were compared to the proposed Universal Treatment Standards, 
Land Disposal Restrictions -- Phase I I  (LDRII), published September 19, 1994. Additional leach tests were 
performed with deionized water flushed (DIF) through catalyst using 20 parts water to I part catalyst. Demetallized 
catalyst TCLP leachates are below the UTS for all elements including vanadium (Pavel, 1994). New 
pyrometallurgical and hydrometallurgical controls and procedures further improve metal removal and enhance 
catalytic properties. Immediate activity improvement is seen in MATS prior to steaming. Improved resistance to 
steam deactivation, catalyzed by vanadium and other elements, is shown after spent and demetallized spent catalyst 
were steamed for 4 and 16 hours at 1450°F. and then ASTM microactivity (MAT) tested. 

Demetallization DrocessinR (DEMETltakes a portion of spent FCC catalyst. removes a portion of metal contaminants 

drying) procedures, to return the base demetallized spent catalyst to the FCC. Standard demetallization has most 
frequently utilized 1450°F calcining and sulfiding with 650°F chlorinating. Off-gases from reactom are scrubbed 
(Elvin. 1993). Contaminant metals are precipitated and filtered for disposal in the same manner used for spent 
catalyst, or they can be shipped to a Best Demonstrated Available Technology recycler of metals, depending on the 
client preference or regulatory environment The operation of one unit for one refiner has resulted in the recycle 
of over 15,000 tons of spent FCC catalyst back to the FCC. Demetallized spent FCC catalyst recycle has reduced 
the requirements for fresh catalyst additions and reduced generation of catalyst fines. DEMET processing removes 
contaminants known to be detrimental to conversion, product selectivities, and mechanical performance of the FCC. 
With DEMET capacity sized to reduce metals levels on circulating catalyst, yields could be improved due to lower 
metals on circulating catalyst. 

New DEMET orocedures improve metal removal, initial activiw and hydrothermal sfabiliy. Standard DEMET 
processing utilizes a series of pyrometallurgical and hydrometallurgical procedures for metal removal. By removal 
ofcontaminants, access channels to active sites are renewed. Care is taken during processing to maintain the catalyst 
integrity and hydrothermal stability. New advancements in sulfidization and aqueous processing have further 
improved metal removal and demetallized spent catalyst characteristics of high initial activity. and low hydrothermal 
deactivation rates. 

I 
I with a boiling point above diesel. Refiners normally analyze FCCU feedstock for C and S and occassionally N, for 

I 

by pyrometallurgical (calcining, sulfiding. nitrogen stripping, chlorinating) and hydrometallurgical (leaching, washing, 4 
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Table 1. FCCU Feedstock Elemental Analyses (ppm) bv ICP 

I 

Elemen! 

Aluminum 
Antimony 
Barium 
Beryllium 
Bismuth 
Boron 
Calcium 
Carbon 
Cerium 
Chromium 

Iron 
Lanthanum 
Lead 
Magnesium 
Manganese 
Neodymium 
Nickel 
Phosphorus 
Potassium 
Praseodymium 
Selenium 
Silica 
Sodium 
Strontium 
Sulfur 
Tin 
Titanium 
Vanadium 
Zinc 
Zirconium 

Copper 

Feedl 

2.9 
0.2 
nt 
nt 

0.6 
<o. I 
19.9 

nr 
0.2 
0.6 
0.2 

14.3 
0. I 
0.3 
2.5 
0.2 

<o. 1 
2.2 
0.7 
0.6 

<o. I 
nt 
nt 

2 I .4 
0.6 
nr 

0. I 
0. I 
3.5 
0.9 

<o. I 

- Feed2 Feed3 

38.7 0.4 
2.1 1.1 
nr 0.9 
nt nt 

bdl <0.1 
4.3 <0.1 

15.3 1.6 
nr 1.4 
nr ~0 .1  
nr <0.1 

0.4 0.2 
16.6 5.2 

nr <0.1 
2.4 0.1 
3.5 2.6 
0.1 <0.1 
nr <0.1 

4.8 3.4 
2.3 0.6 
5.7 0.6 
nr ~ 0 . 1  

bdl CO.1 
nt nt 

27.4 1.4 
nr <0.1 
nr 1.3 

0.4 0.7 
0.7 <0.1 
4.3 2.4 
2.6 0.4 
nr 0.1 

-- Feed4 Feed5 Feed6 

1.6 4.8 nt 
0.2 0.2 <0.2 

<0.1 CO.1 nt 
nt nt nt 

0.2 0.2 <0.2 
0.7 <0.1 nt 
2.7 0.5 0.4 
7.8 4.4 2.2 

~ 0 . 1  <0.1 nt 
<0.1 <0.1 <0.2 
0.1 <0.1 4 2  

16.0 7.6 3.4 
<0.1 <0.1 nt 
0.3 0.6 <0.2 
1.0 0.1 0.2 
0.1 <0.1 <0.2 

<0.1 CO.1 nt 
22.0 3.9 13.0 
0.1 0.2 <0.2 
0.5 0.7 nt 

<0.1 CO.1 nt 
0.2 0.2 nt 
nt nt nt 

28.0 1.2 2.1 
CO.1 <0.1 <0.2 

1.2 0 . 3 0 . 1 3  
0.5 0.7 <0.2 
0.1 <0.1 <0.2 

40.0 6.5 0.9 
1.2 0.3 nt 

<0.1 CO.1 nt 

Feed7 

0.5 
<0.2 
<0.2 

<0.2 
<0.2 

0.5 
4.8 

nt 
<0.2 
<0.2 

5.3 
nt 

10.2 
0.3 

c0.2 
nt 

12.1 
<0.2 
<0.2 

nt 
<o.z 

nt 
0.5 

<0.2 
0.37 
0.8 

co.2 
8.6 

c0.2 
<0.2 

- 

nt 

note: "nt" indicates 'hot tested at the time o f  that sample; "nr" indicates "not reported 

Improved mttals removals dre accnmplishcd Drimanlv dunnr the pvrometallurnical steps of processing Specidl 
DEMET procedure\ were dcvelnped by ngorous thermodynamic modcling o f  the sulfidizattonenvironment to ensure 
the reaction mix and temperature appropnate to convcn available contaminant oxides to sulfides (Pavel. 1993) 
Accurate analyws o f  all contaminant elemcnts (not just nickel and vanadium) are required for accurate modeling 
Impro\cd metals removal enables more efficient utilization o f  hardware and pro.rides the ability to lower metals (in 
circulating catalyst Improved metals rcmoval shows that more sites have been uncovered. and microprc channels 
leading to actnc catalytic sites restored 

Elements not tested andor reported in the followina tables, but oAen found on catalvsts include three xrou1)s 
Elements most typical. but not tested andor reponed Carbon. Chlonne. Hafnium. Hydrogen Nitrogen. Oxygen 
Scandium The second group accounts for he rare earth mix supplied fresh catalyst manLfacturers which includes 
the four reported plus Samarium. Europium. Gadolinium Terbium. Dyspro\ium. Holmium, Erbium. Terbium, 
Ytterbium. Lutetium The third group includes elements found in  crude and on occassion vanous catalysts Fluonnc 
Iridium. Osmium. Palladium. Platinium. Rhenium. Rhodium. Ruthenium All  tests have been performed by third 
party laboratories The dernctallization procedure used was for recycle o f  spent demetallized catalyst. alternative 
procedurcs would be utilized ifproccwng for any other purpose\ U'hcn some elements arc removed. the elements 
remaining might appear to increase as a portion of the total remaining matenal The l ist of elements i s  extensite. 
but not complete. as elemental testing include\ over 70 clcmcnts 

Every FCCU feedstock. hardware, and catalyst system arc unique 
following table (rable 2) 

Improvements in hvdrothermal stabilitv and additional activity for recycle to the FCC are achieved throuah the 
hvdrometallurntcal prucessinE step\ Special D t M t T  procedurss were debeloped by ngorous modeling of solution 
properties during the wash step (Pavcl. 1993) Additional pmpnetary steps are incorporated in the washing pnor 
to drying on Ihe belt filter Aqueous processing modifications resulted in a number of attractive alternatives which 
can be selected through regulating variables in a single llcxible design DEMET unit For simplicity of graphic and 
tabular presentation, only one ofthc alternative advanced procedures is  shown, i t  i s  labeled '"special" Spent FCC 
catalyst war demetallizcd in  the laboratory pilot plant Microactivity and XRD testing were performed i n  accordance 
with ASTM standards Steaming was performed at 1450°F 100% steam for 4 hours and 16 hours The results pnor 
to steaming and after 4 and 16 hours of steaming are shown in  the Table 3 in  companson o f  the fresh, spent. 
standard demctallized. and special demetallized sample performance demonstrated by MAT testing 

Some systems have more elements than in the 
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C C  Catalyst Solid and Leachate Analvses bpm) 

Elements UTS Fresh Catalyst Spent Catalyst Demetallized Swnt Element 
Analyses LDRll Solid Leachates -&I& Leachates Solid Leachates removal 

TCLP DIF TCLP DIF TCLP DIF bvlCP TCLP - - - - - - - - - 
Aluminum ._.._ 142110 87.469 0.549 141 190 114.813 2.961 175200 34.010 4.720 
Antimony 2.1 
Arsenic 5.0 
Barium 7.6 
Beryllium 0.014 
Bismuth ._._. 
Boron ..... 
Cadmium 0.19 
Calcium __... 
Cerium ..... 
Chromium 0.86 
Cobalt ._,.. 
Copper ...., 
Iron ..... 
Lanthanum ._... 
Lead 0.37 
Lithium _.... 
Magnesium __... 
Manganese ___.. 
Mercury 0.020 
Molybdenum _._._ 
Ncodymium _._.. 
Nickel 5.0 
Potassium _..._ 
Presodymium _._,_ 
Selenium 0.16 

246 
215 
I I8 

3 
bdl 
20 
4 

1372 
4682 
675 

8 
9 

3053 
3518 

27 
42 

316 
12 

bdl 
8 

2303 
33 

890 
587 

I I  

bdl 
0.223 
0.018 
0.006 

bdl 
0.029 

bdl 
7.059 

13.183 
0.043 

bdl 
0.013 
0.219 
8.401 

bdl 
0.054 
2.041 
0.055 

bdl 
0.0 I6 
8.914 
0.049 
2.801 
1.991 
0.046 

bdl 
bdl 
bdl 

0.002 
bdl 

0.021 
bdl 

0.278 
0.085 
0.01 I 

bdl 
0.009 
0.016 
0.017 

bdl 
0.007 
0.106 
0.001 
bdl 

0.01 I 
0.036 
0.006 
0.348 

bdl 
bdl 

Silicon 
Silver 
Sodium 
Sulfur 
Thallium 
Tin 
Titanium 
Vanadium 
Zinc 

Analyses 

_.... 310010 68.917 
0.3 bdl bdl 
_._.. 3 I78 62.5 I8 
..... 2973 84.625 
0.078 92 0.047 
..... bdl bdl 
._._. 4170 0.064 
0.23 63 0.137 
5.3 91 0.537 

bv XRF 
Bromine .._., 
Cesium .._., 
Gallium ._... 
Germanium .__., 
Indium ...., 
Iodine _..., 
Niobium ...., 
Phosphorus ..... 
Rubidium _.._. 
Strontium ..... 
Tantalum ..... 
Tellurium ..... 
Thorium ..... 
Tungsten _.,,. 
Uranium _.,.. 
Yttrium _..._ 
Zirconium ...._ 

solids only 
< 0.4 
< 7.5 

28.6+/- 1.0 
< 0.7 
< 0.6 

9.4+/- 2.8 
13.7+/- 1.0 

653.0+/-38.0 
3.6+/- 0.5 

60.5+/- 1.0 
< 4.9 
< 1.4 

6.7+/- 1.0 
- 3 . 1  

2.7+/-1.0 
59.8+/-1 .O 
103.O+/-I.O 

8.428 
bdl 

12.795 
61.931 
0.032 

bdl 
0.029 
0.160 

nt 

1526 1.766 9.491 
250 1.495 bdl 
77 0.667 0.014 
38 0.368 0.509 
7 0.319 0.015 

20 0.109 0.094 
20 bdl bdl 

1819 1.889 0.283 
1171 14.915 0.065 
586 bdl bdl 
193 0.013 0.013 
29 0.103 0.002 

4292 0.328 0.301 
2757 46.975 0.246 

38 bdl bdl 
56 0.431 0.314 
62 0.827 0.094 
12 0.052 0.001 

MI bdl bdl 
14 0.227 0.474 

I703 20.987 0.192 
3432 1.868 0.269 
281 1.205 0.224 
432 6.347 bdl 

IO 0.040 bdl 
3 I0485 

bdl 
2283 
446 
60 
bdl 

7550 
4967 

I36 

50.384 32.506 
bdl bdl 

26.993 16.473 
1.134 0.882 
0.867 0.353 
bdl bdl 

0.016 0.165 
48.437 68.500 
0.162 bdl 

solids onlv 
< 0.4 

2 2 3  7.5 
53.2+/- 2.0 
2.1+/- 0.5 

< 1.8 
22.5+/- 4.0 
25.3+/- 1.0 

666.oC/-37.0 
2.9+/- 0.6 

67.5+/- 1.0 
< 8.0 
< 2.5 

18.7 < 1.0 
< 18.9 

4.1+/- 1.1 
32.6+/- 1.0 

125.O+/- 2.0 

310 bdl MI 
96 0.113 0.205 
52 0.329 0.060 
I O  bdl 0.014 

bdl bdl bdl 
14 0.067 0.037 
30 bdl bdl 

961 4.061 1.084 
1264 26.627 3.481 
579 bdl bdl 

I2 0.142 0.052 
9 0.012 0.001 

902 2.320 0.053 
2782 57.195 8.928 

bdl bdl MI 
32 0.385 0.285 
33 0.844 0.333 
8 0.036 0.012 

bdl bdl bdl 
4 0.058 bdl 

1182 31.298 3.293 
153 1.745 0.547 
242 0.097 0.012 
381 9.512 1.071 
bdl bdl bdl 

282500 
bdl 

2211 
2357 

bdl 
bdl 

3800 
1 I76 

95 

55.571 8.440 
bdl bdl 

16.367 12.147 
86.837 13.326 

bdl bdl 
bdl bdl 

0.264 0.016 
0.123 0.187 
1.360 0.098 

solids onlv 
< 0.4 

22.32 7.5 
29.7+/- 2.0 

< 1.0 
< 1.8 

10.3+/- 3.0 
9.9+/- 0.8 

604.0+/-31.0 
1.7+/- 0.6 

60.6< 1.4 
< 8.0 
< 2.5 

16.8+/- 1.0 
< 18.9 

3.2+/- 1.1 
27.4+/-1 .O 

125.0+/- 2.0 

+24% 
80% 
62% 
32% 
74% 

bdl 
30% 

-55% 
47% 

+ 8% 
-16% 
93% 
69% 
79% 
+ I %  

-99% 
43% 
47% 
33% 

bdl 
71% 
31% 
96% 
16% 
I I% 

-99% 
9% 
bdl 
3% 

+428% 
-99% 

bdl 
50% 
76% 
30% 

NoChange 
NoChange 

44% 
-99% 

NoChange 
54% 
61% 
9% 

41% 
IO% 

NoChange 
NoChange 

IO% 
NoChange 

22% 
15% 

NoChange 

I 

I 

i 

Note: bdl = below detection limit; nt=not tested -99%=removal to below detection limits. 
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Table 3. Fresh, Spent, Standard Demetallized. and Special Demetallized Spent Catalvst I 
Fresh 

without 
DEMET 

MAT yields prior steaming. wt% 
Conversion 94.29 
2nd Order Conversion 
GasolinelConversion 
2ndOrderConversiodCoke 
Dry Gas/2ndOrderConversion 

Hydrogen 
Dry Gas (CIK32s) 
Propane 
Propylene 
lsobutane 
Normal-Butane 
lsobutene 
Total Butenes 
Gasoline (CS-430F) 
LCO (430-650F) 
Slurry (650F+) 
Coke 

LCO/LCDeSlurry 

16.50 
0.27 
0.79 
0.38 
0.47 
0.29 
6.22 

17.06 
2.17 

14.36 
6.65 
0.39 
1.21 

25.41 
2.66 
3.05 

20.91 

MAT yields after 16 hours steaming. wt% 
Conversion 62.91 
2nd Order Conversion I .70 
GasolineiConversion 0.66 
2ndOrderConversiodCoke 0.37 
DryGas/2ndOrderConversion I .  I I 
Lco/Lco+slurly 0.68 
Hydrogen 0.07 
DryGas (CI+C2s) 1.88 
Propane 1.19 
Propylene 4.22 
lsobutane 3.94 
Normal-Butane 0.82 
lsobutene 1.17 
Total Butenes 4.77 
Gasoline (C5-430F) 41.47 
LCO (430-650F) 21.36 

Coke 4.56 
Slurry (650F+) 15.73 

ECAT 
without 

55.55 
I .25 
0.63 
0.15 
1.55 
0.52 
0.46 
I .93 
0.85 
2.74 

0.56 
0.93 
3.24 

34.98 
22.94 
21.51 
8.51 

2.28 

35.86 
0.56 
0.56 
0.07 
2.98 
0.33 
0.64 
I .67 
1.01 
1.73 
0.54 
0.19 
0.63 
I .63 

10.18 
20.89 
43.25 

8.28 

DCAT aftei 
Standard 
DEMET 

67.74 
2.10 
0.56 
0.24 
I .23 
0.60 
0.26 
2.57 
2.30 
4.34 
6.17 
1.35 
0.96 
3.91 

38.10 
19.36 
12.91 
8.74 

40.38 
0.68 
0.65 
0.14 
2.55 
0.37 
0.34 
1.72 
0.66 
2.21 
0.95 
0.28 
1.19 
3.17 

26.22 
21.92 
37.70 
4.83 

DCAT after 
Special 

DEMET 

70.78 
2.42 
0.54 
0.21 
I .03 
0.63 
0.46 
2.50 
I .74 
4.84 
5.60 
I .22 
1.17 
4.51 

38.34 
18.55 
10.68 
I I .56 

56.56 
I .30 
0.68 
0.45 
I .37 
0.52 
0.21 
I .78 
0.79 
3.97 
2.54 
0.51 
I .99 
5.70 

38.20 
22.47 
20.98 
2.87 

Demetallized went FCCU catalvst TCLP leachate is  below the Drowsed LDR-II UTS for all 14 elements. 
Demetallization for primary recycling to FCCUs can reduce fresh catalyst additions, reduce circulating inventory 
metals (or hold a metals level with increasing feed stock metals). and reduce leachable metals for a portion of spent 
catalyst withdrawn. Contaminant metals are controlled in FCCUs due to their deleterious affects on conversion. 
selectivity, and deactivation of fresh catalyst. Similarly, cement kiln blends are limited Io a kiln blend of 83 ppm 
vanadium due to potential problems with refractories (Petrovsky, 1994). For those kilns not already at a vanadium 
limit due to vanadium content of the local quarry supply, the dilution of vanadium sets the limit of spent FCCU 
catalyst processed to 1.2% of kiln feed stock. The mobility of vanadium is well known in refining, and it appears 
the conditions of cement kiln processing do not limit vanadium mobility. Demetallization could be used to reduce 
the leachable metals prior to secondary recycling (cement kilns, etc.) or disposal. Using DEMET to remove 
vanadium from feed stocks to cement kilns would increase capability to substitute spent FCCU catalyst in the kiln 
blend.” (Pavel, 1995) 

Conclusion. Demetallization reduces the leachability of contaminant elements measured by TCLP and de-ionized 
water flushes. After demetallization of spent FCCU catalyst all fourteen TCLP leachate elements are below the 
proposed LDR-II Universal Treatment Standard levels. For every indicator of catalyst performance after severe 
steaming, standard demetallization appears superior to equilibrium catalyst without demetallization, and special 
demetallization appears superior lo standard demetallization and Far superior to equilibrium catalyst without 
demetallization. Graphs show higher conversion, and higher gasoline yields with lower coke for special demetallized 
catalyst compared to equilibrium catalyst. The graphs also show the special demetallized catalyst performance ratios 
are also superior with lower dry gadkinetic conversion ratios, higher gasolindcoke ratios, higher gasolindconversion 
selectivities. higher light cycle oil selectivities, higher dynamic activities, as well as increased C3 and C4 olefins and 
isobutylene. DEMETallization appears very well suited for the marketplace of new gasolines and higher middle 
distillate demands. The special DEMET process significantly increases the activity, selectivity and hydrothermal 
stability of the catalyst and minimizes the fresh catalyst required to maintain FCCU activity. 
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